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QUESTION 1  THEORIES OF BONDING 
 
1.1 Summarize the four points on which the Valence Shell Electron 
Pair Repulsion (VSEPR) theory is based. Illustrate this with 
reference to the decrease in bond angles for the tetrahedral 
shape of AsH4
+, AsH3 and AsH2
–. (7) 
 
1.2 Using the VSEPR theory, determine the electron pair 
distribution, molecular geometry and polarity of the following 
compounds or ions: 
 
1.2.1 SF2 
1.2.2 XeF2 
1.2.3 BrF4
– (9) 
  
1.3 Refer to hybridization to explain the shape and the bond angles 
of the following molecules or ions.  
 
1.3.1 TeO2 
1.3.2 OF2 
1.3.3 [Zn(CN)4]
2– (9) 
 
1.4 Copy the table below in your answer book and complete it. 
 
  
Molecule or 
ionic entity 
Electronic 
structure 
Magnetic 
properties 
(Dia/Paramagnetic) 
Bond order 
H2
+ 
σ1s
1
 σ
*
1s
0 
  
Be2    
N2    
NO
+ 
   
NO    
CO    
O2    
    (20) 
 
    [46] 
 
 
QUESTION 2  CRYSTAL AND LIGAND FIELDS THEORY 
 
2.1 Account for the differences in the magnitudes of the crystal field 
splitting parameters, o and t. (6) 
 
2.2 Explain the following observations using crystal field theory and 
appropriate diagram(s). 
 
2.2.1 [Cr(H2O)4]Br2 is tetrahedral  
2.2.2 Na2[Ni(SCN)4] is square planar 
2.2.3 [Co(NH3)6]SO4 is octahedral (12) 
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QUESTION 2(cont.) 
 
2.3 Of the complexes listed in Question 2.2, which is the most 
stable? Give reasons for your choice. (4) 
 
2.4 Using molecular orbital theory, predict the colour and magnetic 
properties of hexaaquamanganese(II) chloride. (8) 
 
   [30] 
 
 
QUESTION 3  COORDINATION CHEMISTRY 
 
3.1 Name the following complexes: 
 
3.1.1 [(CO)3Fe(CO)3Fe(CO)3] 
3.1.2 [Cr(en)3(C2O4)3]
3-  
3.1.3 Sr[Ru(H2O)I5] (6) 
 
3.2 Write the formulae for the following complexes. 
 
3.2.1 µ-oxido-bis(pentamminecobalt(III)) 
3.2.2 Diamminebis(ethylenediamine)chromium(III) bromide 
3.2.3 Ammonium tetraoxomanganate(VII)  
3.2.4 Tetrapyridineiridium(II) tetrachloroplatinate(II) (8) 
 
3.3 Define the term “chelate”. (2) 
 
3.4 Why do solutions of VO2
+ ion change colour from yellow to green 
to blue and then eventually to violet (V2+),as this ion is react-ed 
with zincmetal in the presence of acid? (6) 
 
   [22] 
 
 
QUESTION 4  CHEMISTRY OF THE FIRST TRANSITION SERIES 
 
4.1  Define a transition metal and state four distinguishing chemical 
properties of these elements as compared to the alkali metals. (6) 
 
4.2 Suggest a reason why copper(II) compounds are often coloured 
but copper(I) compounds are colourless. (4) 
 
4.3  Write balanced chemical equations illustrating the following: 
 
4.3.1 The thermal decomposition of ammonium metavanadate. (2) 
4.3.2 The disproportionation of manganate ions. (3) 
 
4.4 Give balanced chemical equations for three tests to confirm the 
presence of iron(III) ions in solution. (6) 
 
   [21] 
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QUESTION 5  TRANSITION METALS EXTRACTION 
 
5.1 Give the names and formulae of three iron-bearing minerals. (3) 
 
5.2 In which regions in South Africa is iron mined? (2) 
 
5.3 Discuss the extraction of iron from its ores. Include in your 
discussion a diagram and all the relevant equations. (10) 
 
   [15] 
 
 
 
QUESTION 6  GROUP IB – THE COINAGE METALS 
 
6.1 Describe the process by which gold is extracted from its ore. 
Include all necessary reactions. (6) 
 
6.2. Write balanced equations representing the reactions that occur 
when sodium hydroxide is added to a solution containing silver 
ions. (3) 
 
6.3 Explain the electrolytic refinement of copper. (4) 
 
   [13] 
 
 
QUESTION 7  GROUP IIB – ZINC, CADMIUM AND MERCURY 
 
7.1 Zinc is the last member of the first transition metal series, but it is 
claimed that it does not display the full range of characteristic 
properties associated with the transition metals. Discuss this 
statement. (8) 
 
7.2 Describe the many uses of zinc, cadmium and mercury. (6) 
 
   [14] 
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